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Mission to Saturn

‘1’l)c  cassini  Spacccrafi  will  S0011  bcgit)  :1 J)C1’i]OllS  jmmcy  ink)  (IIC (icpfhs  0!- oLltcl’  S] XICC,
exploring in-cicpth  for the first, mcl pcrlmps (k last, time [t]c rillgc(i-planc( SatLm and its
Inw)ns. Onc moon in pwlicular,  7’i/fIIl, will bc subjcd to par[iculw  scru[iny as it will
rcccivc  an automalcd  probe designed [0 sample the moon’s at mosphcrc.
‘1’hc Cassini missio]] consists of a 7 year cruise from launch to orbit imcrlim,  2-. years of
which am within Ihc. rcgim  bc.twccm lkrth and Sun, using gravity assists from 1 hlh and
II]c planet Venus for injection  into dc.cp space.

1 kjmciall  y within the region of 1 Mlh’s mbit, the spacccraf[  and tlIc data it contains arc
subjcd  [0 peril fro]]] SolaI 1 ‘I arcs. in [hc orbit of Saturn, [hc craf( will bc tmmtxmiccl  with
hif,idy active, free protons trapped in m invisible. torus around the plaIIct.

The Cassini Solid State Recorders - NASA’s Preamble
(hlbomi  (IIC Cassini  spacccmf[, and the subjcc[ of this paper, arc two Solid State Rccorctcrs
dcxigncd  and hilt by ‘1’I<w, inc., of Rcdmcio Ikach,  c:ztlif[)lllia,  for NASA’S  JCI
I ‘repulsion 1 .atmatory. ‘1’hcsc. Iccodcrs,  which were the. first ones designed ad sclcctcd
by NASA for a space program, rqwcscnt  tllc nc.w fron(icr and a ncw beginning for
Spat.cbol’nc data stora~c.

‘1’l]is  paper will compare the Cassini  Solid State Rccmlcrs  to moving tape rccordcrs llscct
for ottlcr J]’], missions, and then dcscribc the advantages in going 10 solid slate.

1 hch SS1< in the Cassil)i spacecraft has a capacity of 2 Gbits (data) :1( launch and arc
dcsignc.d  to allow for graccfu] dcgradatim of data capacity as componcn(s  age. and arc
imdia(cd  to a ~uarantccd  ] hd of Mission capacity of ].8 [i bits (data).

‘1’IIc. SSRS wc.rc dc.signd  and hilt unckx a firm, fixccl-price. cxmtract,  which was awarded
in 1992 [lm)u~ll  a compclitivc  l)icl-:tll(l-lc.l’icu’  procc.ssi.

Design Goals
‘1’llc goal of the Solid State Rccorctcr was to provide a sdid-slate rcplaccmcnt  (not
necessarily a drop-in rcplaccmcnt)  for existing mechanical (moving) tape Iccxdcrs.  “1’hc
capacity, {i7,c, an;l  mas~ were to
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Iatcr, provjckx  basic j]lforln:ltion  on (1IC Cassil)i SS1{ versus mc.chanical rcmrdcrs  used on
Galileo, Voyager, h4agc11aII,  aIKl 1 lubb]c.

A driving f~dor  in the (icsiga and sclcclion  was the IIit lirm Rate (11111<), cxprcssmi  to
rcprcscnt  lmw mm y bits cm bc. unc(irrcctd>le,  and (llcrcforc  corrupt, per every billion bits
of data storcxl.  “J”bc B] 11< rcquircnicmt  for tile SS1< is:

Maximum l’crmissib]c
Sollrcc IIlim! Ntl!l~llcl.<lf_13~t.si  t~I_;!l[)]?3
(i~~l{  (X)%;  WOIS( [I:ISC),

IX;]: @ 3. ALJ 7 clays 3
30 days 5

sat llrIli211)-rl’l:il)J)c(l 1 11 OLII’ 0.8
I’l”otolls

l{ecol’dm  lhsics

‘I’llc SIJli(i  St:ttcl<ccor(lclC  lcsigrlcCl  for Cassini  isc:i]J:t\llc  c) fstori11S2  .Ciigilt>itso  f(l; il:l.
‘J’lIc storage medium  is composed of 640 4-Mbit 1 )RAMs manufactured by OKl
Sc.micxmductor of JapaIl and packag,cxl  ad upsclccae(i  by ‘1’RW Coinponcnts  lntcmational
I )ivision of San l)icgo. ‘1’hc 640 I) I<AMs give (be SS1< a total da(a c.apaci(y  of 2.56
Gig,nbitsat  launch, which illclllclcc  llccksLllllt)  itslcsclvc(lfc)rt  tlct)lli lt-illlirro rl)ctccti()rl
and Correction (llI>AC).

“]’]IC l“CCOI’CiCI’ fC:ltlll”CS  :Ul(i  hi@]i@t  S tbC abi]ity  to ]XYfOI1ll  Silllll]t2tlKX)LlS  [iata StOlll~C ad

access from mul(iple data ]mls and multiple arm of memory with no loss in proccssil~g
cnpabilily  or bandwidth. 1 Xi[a cdn bc written into and rca(i from any portion of nmnory,
even the same portion, sillllllt:tl~c(~llsly.  ‘1’k conlbined  read/write dtita rate is 4 Mbps wi~h
2 Mbps  pm sc.cond m:iximum for any data pml.

‘l’lie  most exploited feature of this rcmrdcr, and - which was new and unique  at the time of
contract - is IIN ability to scgnlcnt  the memory into 16 randomly si7ccl  “partitions. ” ‘1’tm
partitions me t]ca(ccl as separate areas of mc.mory  cmtainccl within tbc whole. 1 kb
partitiol] has i(s own set of indc.pcndcnt  “pointm”  which arc used as locators for where
(iata is written into ad read from. ‘1’hc uniqueness llcre is that each parlition  may bc
configured differently frolll any other - in tcmls of length, tlvc nulnbc.r  words per frame of
data, and [he “Mode” in which it opcrales. As a parlition fills, ccr[ain safeguards arc ill
place to Suarantc.e that a part it ion’s data clocs not “overflow” into an a(lj:iccnt  pail of
memory.

1 ligl]-j~clforlllallcc  and optimunl  nmintcnance  of the partitions is possible by two vjrtucs of
tbc SS1<.  One is that tbc par[i[ioas  are built alltonomollsly  by Ihc SSR. ‘1’hc interfacing
(kmmand and Ihta Systcjn  (SC.C l;ifiure 1 ) merely sends a comm:incl  requesting tbc si7c,
the initial “mode,” an(i tk II LIIIIbCI of “flames” desired. If tl]c sufficient memory  exists,
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Ihc command  is immccliatdy  cxccutcd  anti  ready (o mcivc impollant  data. ‘1’hc scumd
vir[uc is IIlorc  complc.x, yet offers wide possillilities: Once created, ad partition ]l)ay be
“l)lovcd’> (0 anywhere  else in memory by execution of ccrlain commands. ‘1’his allows,
for (Ilc first time, tk at)ility  [0 prdis]msc  wlmc  ccrlain,  pdaps highly-critical, data is
s[orcd p h y s i c a l l y  w’ill)it)  the  machine;

‘1’he advantage of being ab]c to crcatc multiple  lmlitions  in h4cmory becomes evident W1]CII
each of up 10 16 pmlitions  can k set in any of three different mmics of operation, scpmatc
fmln any other  parli[im:

1. Read-Write to I id,
2.  Circular  Iluffer,
3. 1’11/0

Additim)ally,  each par[i(im catl be:
a) Write IVotcctcd,  smh that extraneous or mg,ue attempts to write over data arc. blocked,

and
b) 1 iach memory cell compisil~g  the ])artition  can be cllcckcd for data integrity will) a

robust pat(cm without  disturbing ncmby pal-l itions.

1:111  ltlcrlnore,  each par(ition is sut>-divisible in[o “frames.” A frame is a dcfinccl  gtoul) of
words within a par(itim. A parlitiol~  nNIy cont:tin one fmnc or many frames. ‘1’hc idea of
cs[ablis]ling  data flanms and the stor:igc  and re.tricval of data in gIoLIps of frames opens
wi(ic tl]c possibi]itic.s of cxpcri  data I)magcmctlt and data safety.

l;inally, the Cassini rccmicr fcatum in(icpcndcnt  Commmcl and Status channels which
can also bc acccsscd at a 2 h4t> rate without impac(ing  (iata ban(iwicith.  “1’he Status channel
fcml(lms two [ypcs of status switc.llablc  on colnln:inci.  Onc is a rcai-time rc.pcmting  of ll)c
“active  partitions”. ‘1’hC OttlCI’ Sllp@iCS  OVC1 400” WOl”[iS  of illfOI  I)la(io]l :hll(  thC St:ltllS  of
the entire box.

As miiation, aNi life take their to]i,  ccriain mm of mc.mory  arc cxpcctc{i  to either dic
outrig]lt,  or bccomc  pcmancntiy  corrup(c(i so as to be of ciubious  c]ua]ity.  ‘1’hc goal  of [he
~ksini  SS1< is (0 allc)w “graceful (icgrd(ia~ion” from 2 Gbits (Ciata) at IIcginning  of
Mission to 1.8 Gbits at lln(i of h4ission. Of 640 memory (ic.vices  use(i in tile SS1<, 2 or 3
arc cxpcctmi  10 fail completely. Calculations pcrfomcci  10 estimate. tile number of “sluck
i>ils” (i.e. i>its that have been ilnpillgcci  upon t)y ions of sufficicn[  c.llargc  as to pcrll]allctltly
{i:ima~c  [hem to assume forcvc] an(i always OIIC of the two possible lc~gic  states) at 61 K
over the entire box. ‘1’hc combincci  cffcc[ is a potcntiai  loss of far ICSS than 200 Mi)its, [III]s
affor(iing  ample margin,

Inner Basics of Recorder

l]ulk l)ata  Storage Medium

‘1’llc  Cassini SS}{ is hasc(i  on what is now o](i tccllnology:  the 4 h4bit l)RAM.  ‘1’hc

c.lcdlical  design pro]msc(i by ‘1’RW caug,ht  a nu]nber of pcop]c by suriwise in that it was
imsc(i on l)RAMs  (Ilynamic Ran(iom Access Memory) and not some otiler tcct]noiogy.
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I> RAMs,  at Ihal ti[nc,  had always been tlm Hnwanld cbil(l of s]xicc-basc(i  storage

tccl)nology  as there was a prcc(mccivd  notion  of 1~(~11-sllil:illility.

l]cfmc tbc pmposcct design could bc acccptcd,  J1’1. indcpc.ndcnt]y cmbarkccl on a mon(t)s-
long COLWSC  to validate the suitability  of tl]c OKl 1JRAA4s.  As J] ’I. suwtini~.cci  the OKI
parts for suitability, o[her parts - possibly sui[ablc for deep space - were starting (0 cmcrgc
or) lbc. sccnc.  J]’]. and ‘l”RW looked in(o paris from otbcr vendors such as h4icmn,
‘]”OSbibli,  2L11(] Mitsubishi, [c) name jLIsl a fCW. ‘1’bc fared 1 IIM 1 ,una-~; >s were just coming
ON{ of tbc foundry, and were rcvicwc.d,  but rcic.clcd as sui(ab]c altcmativcs  as there was no
;ISSLII:I1lCC at tht time tkit ] IIM WOL1](] ]MdLICC. tllClll.

‘1’bc  OK I parts were su[>jcctcd  to Single llvcnt  Upsc[ and 1,atcbup (csting at Bmokhavcn
Nat ional 1.tiboratory’s  “1’win ‘1’andclll  van dc. G1 a:iff gcncIator  and ]~rotc)ll-il~(iLlcc(l  (Jpsct
tcs(ing al (hc 1 Iarvml ~yclotron  1 ,aboratory to satisfy a contract  rcquircmcnt  that single
event upsc[ chmactcris[ics  bc established for [}IC flight-lot of pails.

‘1’llc  OKl pwls uscci in tbc SS1< (OKl lMrt numbcl  MSMS 14400) were found to bc latch-
Lll) iIllIllUIIC  (~ [: WSi  I)i lC(]LliIClllC[lt) to bCyOlld  ]()() kl’:l(iS (Si).  ‘1’hC bavc all  ] ,];1’ ill (k

ran~c  of 2 and arc total dose tolmmt to approximatdy 30 kl<ads before paramc.tric shift
occurs. lnsidc tbc rc.corder box itself, analysis has strewn [lint the pic.ccpart  total dose will
bc in the mngc of 3 krads and 1 kra(i inside the power convcr(cr hybrid4.

1 S1 1 ,ogic rwd hard gate arrays

‘1’hc Gssini SSR contains 18 ga[c arrays of two designs: IIlcrc arc two Ixita I’hrmatkr  gate

amtys tt)at sport upwards of 51,000 gates; anti sixtccm  h4cmory ~~on(rollcr ~a(c arrays that
bavc a gate, coLInt  in lhc 38,000 region, ‘1’hc ga(c arrays were (icsigncd using Synopsis
design too]s and a Zjycad  accclc.rtitor. ‘1’hc gate. arrays \\’crc manufactured by 1 ,S1 1 ,ogic on
[Imir d-hard  I Xl 11 OK family to (lass S rcquircmcnts, ‘1’hc gate arrays utilim IIoundary
scan [C(’hnolog,y  d fcalllrc a filUl( ~ra(iirlg of o\JcI’ 99%, Cach.

1’OW’(’1” Convt’1-te]”
1 kh SS1< contains a pair of redundant power convcxlc.rs. ‘1’hc  Convcllcrs Were

IHaI~LIfactLIrc(i  by l;rcqucncy  1 Hcctronics, IDcmporatc(i,  1,ong lslad,  Ncw York. l~ach
cc)ll\’cllcl-l]:llf  features a full-custom hybrid circuit. 13y placing all the critical conlml
clcc[m]ics  inside a hybrid, a small, lip,htwcig,llt,  lligllly-rcliab]c  power convcr[cr is
acllicvcd.

I iitbcr power convc]lcr  (1’C;U) is capal)lc of supporting all aspccls of SS1< operation
indcpcndcntl  y. I ;ach I)(;LJ contains a ]argc, capacitive hold-up bank that supports  opcmtion
of tt)c convcrlc.r through periods of bus droop or fault.

Why the Move to Solid State?
As tbc speed and power of scicncc pmccssors  inucasc,  so doc.s tbc desire for Scicmtists
and I ;nr, inccrs to do mom and more with (bc.in. And tbc. business of space scicncc is no
diffcmnt than my other. As ncw capabilities am (iiscovcrcd,  or designed in, scientists and

4 ‘1’RW Illclllol’illl(  ill[ll  11620 .[iwK,93-()()2A,  18  ICI) 1993
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cnginccm want more ad mm-c.  III some im[amx, you h:ivc a sillglc large spamcraf[,

SLICII  as Gssini,  as lIIC platfom  for a wide rarl~,c  of invcs(i~a(ivc.  ins(mmcmts, or you IMVC
many spacecraft - each performing some small portion  of the whole.. ~hrrcntly, (I]c
pcNlulL]m is :tway from large multi-f xctc(l spat.ccraft and  is in the  realm of (lIC small and

[h many.  Gssini is, for J]ow, Ihc IN of’lhc Jargc, till-cllcolllJlassillg,  spacecraft.

I kwh scicmc imtmmcnt has buil(-itlto - ad an artifact of tllc basic dcsi~n  of it - a
natural, optimal data rate a{ which it collects information, pcrfoms some type of ttatlsl:ition

or i ntc.rprct  alicm,  aI I(I out  Jmts i( for LISC clscwhm in t hc univmc.

Mmc instruments coJlcct data very slow and lllcthdicxilly.  Some mllc.ct data rapi(iiy

Witil (ape rcccmicrs,  tiv2 ban(iwi(ith of rccmiing,  tile.  (iata  onto  the storage mc(iium
(polymer tape) is ciircctly  rclatcci to the spccci  of the taJ>c as it is transporlc(i  across the
rc.cm’(i in(i .

Jn tai)c rccmicrs,  there is m inherent ncc(i  to scIvo-Joop  tile tape spcc(i caps[an (irivc to ti~c
incomin~,  (iata clock. ‘J’ilc slow imtrumcnt’s  (iata wml(i bc rccmxic(i  using a slow tape
spc.c(i  wilcrcas  vi(ico camera information woLll  Ci rc(]Llirc  a very ilig,il-tape si~cc(i  [0 acilicvc
tile ncccssary  bamiwicitil. Gaiiico’s lmm tape Iccor(icr,  for instance, goes ui~ (0 6 at](i onc-
haif fed  pcr sccomi to accommmia(c a ciat a rate of 800 kilobits  pcr sccomi.  At that si>cc(i,
l i l t  clltilc  taJ>c  - OVCI Cmc-thir(i  I)li/f’ ill lfYzsth  - is llsc(i 111> i[l a nlcrc {!llinlljcs.  An(i
hat llIlli]y,  WY  ilKH’CaSC  i[l t :iJ>C SJ>CC(i ~lC:it  ]y CX:lCCI”b:it  CS hCWi WCal;  thC t :I]>C Sill’faCC aCt i 11~,

like a high-si>ccci  rasp. ln(imi,  lilt usc  of tape an(i  tile amount  of tape across a hca(i  is
VCI’y ti@ltiy CIMltlOiiC.(i; ~LIM(iC(i  IllllCh  :tS thC [:IOW1}  JcwCi S.

Anotimr  mctilmi 01 increasing (iata rate in a moving tai~c  rc.cor(icr is to incrcxisc  ti~c nulnlmr
of hca(is  rccmiing  m the tape al once, an(i that quite of[cn rcquim a corrcspomiing
incrcasc in [hc wici[h of the Iapc.

‘1’apc aiignmcnt  across  the rccmxi  ami playback tlc.a(is is absoJutcly criticai.  As (i]c nulnbcr
of hca(is imrcasc  ti)c (iata-wi(itil  for ti)c tape aiymachcs  it~finitcsimai.  A misaiip,nmcnt of
tape wou](i,  at (i)c very icasl, (iccrcasc. the quaiit  y of (iata storage Eimi mtricval. At (ilc most,
(iata Colll(i bc 10s(.

‘1’i]c laJ)c IccoIdcIs  for Gaii]co arl(i  N4agclla11  usc J}rccision, opticaiiy  con(ml]c(i  servo
mcc.iMIlisms  to Incctlanical]y  Ilu(igc the tapC hig]l  01 low as it so:irs  pass tlIc (ia(a hc.a(is.

‘1’ilc usc of increasingly smalicr tape. hc.ads a[)(i F,aps bring,s on anotilcr  set of pmblcms:
Snlall gaps invi(c contaminant buii(i-up. MaI~y hca(is invite ma:,nc(ic  fiux spill-ovcI’  [0
olhcr areas - tiipc capacity is 1OS( bc.cause. of tiw nccxi to inclmic “gumi  bamis. ”

Wilcrcas, in tape rcc(micrs  tile incr(ia  of tile tape (irivc mechanism has (akcn you wcii

beyond the tcrminaticm  7.(MIC  tiIus instilling :iII ull(ic.sirc(i  inter-(iata gap of citilcr  ol(i or
nlissing  information, in Soii(i  State it is very possibic  (0 move a pointer to an cx:ic( wor(i
location.



‘1’:iblc 1 pmvidcs a compmtivc  cxamp]c for a fc\v of the mom f’ainms spaccuiift,
Magcllan,  ~idi]co,  ad ] ]ubb]c, VCISUS [k? (hssini  So]id State fkxofdcr  equipped
spacecraft. Note  (IIC ‘1’apc  I)osi[ion  ‘1’clc.mc.(ry 10W: (I]is itldicatcs the granularity  of ordclillg
[hat the medium (ta]Jc/lllicrocitcLlit)  p]acc  a specific area ship of d:i[a at tllc cin(a intcrfacc.
None is ba(i, infinite is bcttcl.  -

‘] ’ab]e 1: Spacecraft ])ata  Rmordcr (kmlparafivc
SI’ACI;Cl{A]~J

.NAMI:’I’KI{S

I’lJ’I’ l) A’I’A ]>ol<~lA’1”
I’[J’l’ (’I,()[:K S()(ll  {(:1;-—. —__
‘[1’1’ I) A’I’A  l{ A’1’lt.
/sl; (:—. .— _
:[X)RI)  ‘1’IMK

— .—.
(X)ltl)  SI’l; ltl), 11’s

—... —
I’I’AI  . S’1’ORA(;It  111’1’S

“1’A ‘1’RA(:KS—— ___ ._

‘1’l’11’l’ [’I,()(; K
111?[’1:

‘1’l’11”1’  I)A”IA  RA’11,

Isl;(,

l’ItOl)[T(’l;  ‘1’lhl[;

I’ltol)ll(’lt  S1’lWI), 11’S

l’:l{l  <01{  RA’I’1:

1’1’11’1’  ,ll’I’’I’1;  1{,
—— _ _ _
I: I{ A’1’IN’(; \)OI  ,’J’A(; I(; ,

.. .— -
:01{1)  P()\vI;It,  \V——. _____
‘l{ OI)II(:IL  I’()\\’ItI{, \\’
‘It J ,I;NC;’I’11, (IW;”I’)—— _ _ _
\lMANl)  IN’I’I;l<I;AC:I;

— ..—.
‘1} POSI” I’[[)N

C; AI,  II, IL()

——
NI{Z-1,.—

I\ X’I’Ill{NAl, 2X

=[,-1 5.2,
403,2, 304.6— _
8 }11{ slow,csl

I
4 MIN fas[cs[
0.738, 2.77, 11.07,
38.76, 77. s4
9x IOU

—-
4——___
NR7,-1,

I{ X”l’[iltNA],

——
7.68, 19.2,  57.6,  100.X”

.—
8 }1}<  Slowcsl  ‘—

I
37 MIN fastest

——.. -
0.738,  1,846, 5 . 5 4 ,
9.69—-——
5  ill ld’

—16’= 1-i—-—.—
13-  14.2—_—_
1850
fi’l{lil’i{ CMOS

F9YET
806——.
19.8

hlAGl; l,l,AN—.
——-..

NRZ-I— — —  .  .  .  .  :
liX’1’Iil{NA],  2X-—-—.  .-—
7.7, 806

——.. __ ._
0.4, 42.2

--iT8X 109

..— .. —_. .
4_ —  _ _  . _ .  _ . .
NI<Z-1,

——. .— .
l: X’I’l(RhlAI,

15, 26?

— .—— ..-
4.3 1[1{s  - 1.87 [II(S

6.0, 14
.—— .. ____

1 Ill I()(’

-—————.  .——
~ o. 1%——- .—.i?xj ]
——— —.— ..__
72— . —  .  - . . _ _
22— —  _ _  . _ _ . .
1968
l)ls(’f{li’l’1:  (mm

—— _..
NON[,

-----
7~9~15

) s 0
- . .  — .  — - -

)2
. — — .  _

NIW-1,——..  —
_]iX’I’l  NNA]  , 2X

4- 1024 (4 I< ATIIS)

10.4 IIRS - 19.5 J/4[N

1,3-41

1.s x IO*(4 Kbps)
1.2 X 10° (32 . 1024
Kt)ps)

2
NI<Z-1,

I; X’I’I{RNAI,  (2x)

1024

——_
?() MIN

—___
41
— — _

I IN 10”

---
2008”
16 Ill’l’ SIiI{lAI, (1’’fI,)

127  lN(:Rl{h41:N”fs

7 X9X12.8
<06 —.
)2

{: ASSINI SS]/—.. -— — .

NI{Z-1,—.
I{ X’I’liI{N,41,  IX ‘–

——— ___
Ix” [0 2 h4t)ps

.—
17 MIN at h4ax  &It4 r~tc

—_____
NA

2-X-TT  data  (lK)M)
I .8 x 109 (gq[l  1{01  ,)

—.
16 ~irlitions——
NfU-1.

IiX”[’l!I{NAI, I x

—.
1)(’ to 2 Mhps

—.. —___
17 hiIN  at Max da[a I:i[c

.— ___
NA

—.
S[)liil  llalg:

3 bils/1 ()”/ wcc!i

5 t)its/10’’/tllc~[ltll
~atulll IIappcd  pf. QIQ!ls.

O.t! t)its/(ibit/ho~lr—.—
NOI]C
. —  _
22 to 3s
37 111s tlus.. f?lull Iloki-up
9_— _
9— . _ .
N/j

16 t,il (’utlcllt  fvf[)~c

~szo[’)
IIlfinitc  poit]tct contlol

——
7X 7.185X 10.44—.—
826 —
3()



‘1’able. 1 shOws that the Cassini  Solid State Rfxor(lc.r  has wi(hx bandwidth an(i fcaturm
faster ami mow pmcisc across to specific ciala with less power iind less weight than its
mcxhanical prc(ic.ccssors.

‘1 ‘w()  mijor a d v a n t a g e s  rexii 1 y appatknt  as wc look d tk move [0 sdici  state.:

1 ) While (iata mtc affects tape spuxi  an(i thus wctir out of [ilc (ape m(i hciwis,  no such
mechanism exists  in So]ici  Slate. An(i,

2) Only soli(i  sttttc cicsigns  pcmit for diffcmnt rccxmi an(i piayback (i ala mtcs
silnultmcous]  y

Ned to optimize data sloragc for device

‘1’0 optimize (i]c use of (iowniink rcsoumx,  currcn(-(icsign  spacccI aft litcr:ill  y tmmilc, or
“packcti7c,”  Ibc galhc]ing  of infoma(ion  fmm ]Iwly rcsourccs  an(i scn(i (iown wh:t(  is
cffcc(ivd  y :i ccmt inuous  stream of infomat ion. ‘1’hc infornmtion  containcxi  in each
individual packc( is i(icn(ific(i  by fin ingrainc.{i  IIcwicr. When in forlnation  from onc
inslmmcnt  is not avail ab]c,  inslcaci of (icti(i air tinlc, a ‘p:ickc(’  of infmmtion is gJabbc(i
from somcwbcrc cisc, ami placed on t hc ai nvavcs.

JL]SI as each instrument is optimizc(i  for ccllain (iata Mcs, ti]c :i]nount m length of (iata is
also optimi7.cd.  Wl)crc  mc imtrumcnt provicics  infcmnation  in as little of, say, 12 wor(is
of (iatd, mother may requite huncirc(is. ]n So]i(i State rccor(icrs,  it is possible. - with no
ch:mgc in mechanics - to optimize c.ach “track, ” or  patlitiwl, of lncmory to the specific
inslmmcnt  being stomi  at the time. ‘1’his gives a uniqllc cainbili[y  not founci  in t:ipc
rccor(icrs:  it is instantly possib]c to Iocatc  in(iividlml  fic.lcis, franms, m even bits of data for
replay OJ analysis.

History of Recorders

Movin~  tape

‘1’apc Rccor(icrs arc s(iil  in production Io(iay. Rccordcrs  arc. Iming proposc(i  in the range of

‘J’crabi(  cxpacity. I’hc drawback 10 this is lhc laTgc weight (ilul](irc(is of pom(is) :md pmvcr
(humirc(is  of watts) pcnaity  that comes with suctl  a ]argc Imchinc.

‘1’dpc mxmicrs  prcscn[ a control Imb]cm in simcccmft  - tile nmmcnts of incrlia chan~c as
a [ape stalls and S(ops, spcc(is llp 01’ slows (iowll. [h] y ccrl:tin  (icsigns of ‘coaxial’ (ape
mc.or(ic.ls  cancel tile cffccls of tape lllass tmlsfcming fmlll onc me.] to anottlcr. Springs arc
usc.d (0 balance tcnsioll ami motion, with every flcxurc  bciug onc s(c.p close.r to fdilurc..

occasionally, there is lbc nccci  to locate ccrlain t)locks of (ial:t. 1 n a moving tape. rccor(icr
oflcn limes that ciala falis bctwccn lhc small slits in t}lc posi(ioll cnc.cxicr  anti tbc tape
calcful]y  joggcct past the hca[is.  13u[ somclimcs  that is not goo(i cncmgh - positioning to the
bi[-level bas been a(tcmptc(i scvc] al times in rcccn(  history.
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Solid  State

Solid s[alc Incmory  has existed for a long [imc: mm. Wllilc it is inhcrcn(ly  ml-l)ad and
LIpsd pmop, (hccal)acity  and s[)cc.cl.(jid not exist ii)lto(l:iy’ss[>:tcccraf(.  Om isc.xpcnsivc.
t(; fna;lufacturc  - ltkad;(i  by 11A’ using Lircs much
collll~:tl:tlivcly  very slow.

J US( over the past fcw years has the pcr-c.hip capacity
point as to hc feasible for mass data storage in space.
wcatcp rod tosay,  \v:\sllle.\’c.ry first.

of solid statcmcmory  incrcasd  toa
And the Gssini solid state rccordcr,

Design of the Cassini Units
W]]cn the decision was made [0 go solid state for Gssini,  wc were, at ttlc  (imc, examining
WIM1 spcciali~.ed  circuitry would be rcq Llirc.d  10 iic(’(~llllllo(liltc  either the spare Galilc.o or
h4a.gcllan  tape Icmdcrs. “1’hc  spare M:tgcllan rccordcr, wi[h its higher 1.8 [ibi( capacity
bccamc the baseline for k mission and thus proved tllc driving, force in dmiding availat~lc
da(a capaci(y  for Gssini.

Any solid sta[c recorclcr  woLIld have,  to bc C.ompctitivc  in power, Size, and mass with its

llKXhaIliCa]  fOI’Cf:tttlCIS. With JX)WC1’  dCVC]OJ)Cd  by thlCC thC1’IIKMILICIC:U  &HICIatOIS,  JsOWCI

aboad Gssini is at an absolute premium.

Where as a tape-based recorder  can withstand power loss, solid stale dcviccs, in gcncml(’,
have no such ]uxwy. 1 lcrc, lhc loss of power call cause the complctc  loss of scicncc dala
and navigational and control programs. ‘1’hus the Gssini design was spccificd  (0 bc
[O]CIW(  Of POWCI’ tlLIS  fdll](S Of 37 llli]liSCCOll(iS,  WtlC(hC1”  ttlC bllS VO](:l~C  :hJLIJ>tty

terminate.d (blackom) m slowly dccayccl  (brownout). ‘]’hc ( hssini  SS}< powm convcr(cr
contains witllill  a bank of hold-up capacitors to lmld power and in(crfaccs  viab]c for tJLts-
fault  conditions.

‘1’hc immediate downside to the selection of l)RAMs for data s[oragc  in deep space is that
they arc highly subjcc[ to upsets  causal by solar flare, cosmic rays, heavy ions, or, in
Gssini’s case, the dangcmus  tl:i]>]>ccl-]~l(>tc)ll  bc]t of SatLm). “1’0 guard  against  data LlpSCt

and still lx bounded by Icasonablc  crm correcting,  scrub Ia(cs (which (irivcs power
mquircmcn[s)  the ~assini SS1< is llcavily shielded on all sides by an equivalent of 500 roils
of alllnlinLlnl.  Wc have taken a “nit” in mass 10 cllsurc data intc.gti(y.

‘1’hc Gssini SS1< intc.rfaces wi(h two Gnmand  lhta Subsystems - a principal of block
redundancy. (see l:igurc 1, bdow.)  livery aspect of SS1< operation is controllat~lc  0]
acccssib]c  via giltlc~ port with abso] utcl y no need (o reload cent rolling parameters as c.ont m!
is hm(icd-off  bctwc.cn  l>or(s  A and 13. l:urthcr, the cicsign  of the SS1< pcmits opc.r:ition,  in
a prcsuibcd  manner, immc. cliatc.ly  following power-up.

‘ NIJRO (Nc)ll-l)cstl[lc[i\c Rc:dout) mrc
“ excluding, 01 CX)UISC, cwrc, flash,  and lilil’l{ohf
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Fleprmcntative CDS-SSR  cross-string interconnect

CDS
A

CDS
H

port a port a I.—. ———.,, .1,, “1 SSR

I A
pOti b

1

port a

--—
pOrt  b port b

.

‘d Power Switch

3
Power Switck)

ra..— Power Switch

Power Switch
I

SSR
B

l’igllm 1: C])s- Sslt lI)lcrcorlIK’ct  l)iagrm

Iliagtlmtics

With each SS1{ cmt:iining,  640 individual I>RAMs ad with MCI] I}RAM having a
ca]mity  of over 4 million bi(s of data, and with 4 dcvicc transistors assigned 10 mc.h bil,
onc can scc by the pLlrc math alone, [I)at there is a ]msibili(y  that something is bmnd  to go
wrong  Solncwllcrc 7 . ‘1’() (hat cd, [hc SSf{ contaitls  a Gpa((cm  s e l f - c h e c k  that can h

SJ)CWifiCd  OVC1’  a l l y  J_)illtiCLl]:i~  :IIC:I  of lllC1llO1’y, VC1’y SI]]d] 01 W3’y  l:trg,~. ‘]’}IC  1’CSll]tS  Of (tic
self- check are storccl and rcporlcd  for ground  analysis. 11) order (0 at)solutc]y  minimim (lIC
possibility of 10s( dala, the SS1< dots nothing (hat woLlld affcc( data au(cmomously - i[ only
alters memory c.ollfiglll’:itic~lls  on (~I>S or gmun(i  commands.

Datt( ltltcgt”i!}~
‘I”llc  SS1< mntains  built-in I{ I) A<; executing the (39,32) 1 lamming SltC;l>l~,l)  (Single I{rsor
(krrc.c[ion, IXmblc  1 irmr 1 lctcction)  code. ‘J”lIc  ml irc memory is scrLlbbcd for errors every
538 SC.COI1(IS.  Additionally, data read fmll] tllc  SS1< is scrubbed to ensure corrcctncss,
Sing]c bit cnors  arc corrcctd,  doL]lllc bit errors at c ddcctcd. “1’llc Sin@c bit/doutJlc bit error
counts  arc rcporlcd  for every Mcgaword  of mcIImJy. (lmlnd analysis is then used to
(Ickmninc.  if a failmc trend exists. ~;round  cm(rollcrs can set, via command,  that ccrlain
arc.as  of mcllloly  not bc. llsc.d for’ dilta Stolagc.. ‘1’IIc “Ofr’ aICaS MC t:ikcIl  into :ICCOLIDt fOr
wlmn a Ncw partition is built.

) ‘I’l  Ic SS1<s have. a calciilatcd Ictiabilily of’ 98.6%,
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llil]Jlclllclltatioll  Ofl<c{ltlit”clllcllts

‘1’RW implcmcntcci  clata and control crltircly by hard-silicon: (lls[om  l<:i(lia{ioll-ll:tl(lcllccl
(iatc Arrays. ll~tl)is  czisc, cacll SSl{~ol~(:tiI~s:  ittJ(:ll{)f  18 ASIC~s,  cO1l~~~risc(lo  ft\v(JlJilt:l”
l;ml]attcrsan[i  161\4clllory  C~011tr011crs.  l)llcl):tt:i  l:(Jrill:ittcr  is131illlarilyc  o1~1lcctc(lt()
cad) l’ort  andboth  l):ita I;O1lllattersll:  i\~c:icccssto:ill”  sixtc.c.rl  M(~s.  (Sc.cl;igurc2)  ‘1’hc
ASIG arc all basccl  cm the 1S1 1.ogic 1.1<11 I OK fnmily.

CASSINI  SOLID SIA1  E HE CC) RDEFl B1.OCK DIAGRAM

[ -‘- “--SRAM A

I

1

“ 1
Data
Formatter L
A

I
Data

4
Format tcr L
B F

I ---
1

SRAM E3
I

--8-
1 H

MCO MC2 -—+ MC14

1

[+4” $.’~module O

>

[
module 2

[
module 14

.—. — —

MCI MC3 MC15

I I I
I MW module 1

Oscillator
‘“v ‘!’O”’’” “ E ‘B’’’’’’’”

w-
128 MW data

32 M; FDAC

J

“J’lIc  IJata 1 ‘omattm (IJI ‘s) micrmxmt ml cad opmation  of the SS1<.  “1’hc IJlis rcccivc data
al~d commands from the C2)S and output  data ;ind status to it. ‘1’tlc  1)1 ~s act as tllc S()]C
illtcrfxc bctwccn  data aIId (he outside world.
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‘]’hc ])] ‘S (kcdc commm(k and passes them dOWIIStICaIll to (hc Memory  (k)IltlO]lCIS.

‘1’hc h4cmory Gmtlollcw  (MG) ad as the interface hdwc.cn  the data and the adivc  lXita
lkwma[[cr.  ‘1’hc lJI: will Uanslatc Iogicwlly based in form:it  ion from the C~lJS (e.g. Word 23
of pm-tit im 6) to a phy.skal  address, such as WorCi 071’1 H{l )IJA. ‘1’hc l~ata  l;omattcr  ac[s
as the master timing clement within’f’hc CHX, m(lcring when llRAM-rcquircct  refreshes
aml error  corrc.cting  scrubs of data is (o take place; wittl the h4cmory  Controllers actually
pcrfmming the. wc)rk.

1 i:icll  h4(; is rcsponsihlc  for 8 M Words of data wi(h s[ar[ ad stop ad(ircssc.s  of its block of
memory set via printed wiring board lumpers. ‘1’hc M(I watches [he intcrmtl SS1< bus for
address lma(ic. r information. If i[ is \v-ithitl tlm realm of its addrc.ss hlmk, the M(; will grab
the llcadcr and ad i~ccor~ii[]gly.  ‘1’hc h4CI proviks  local 1 )RAM rcfres}l timing and Iocal
1 l] )A(; error scrubbing.

(kmtrol  ami initial placcmcmt  of the. varioLls (iat:i  pointers is performed (calculated)
au[onomoLIsl  y by the IMta I ~(mmitlcr aI~(l physical addresses are  s{orcd in raci-hard  1 IIM
3’2K x 8 SRAh4.  1[ is possible, vifi diagnostics routines (o entire.ly predetermine tl)c sim
atd p]acc.mcnt  of each partition by prc-]mding  tllc SRAM  witl] carcfLl]]y calcLl]atcd
paralnc(ers.

As shown in l;igurc 2, the data chain internal to [he SS1< c(msisls of [w() parallel-serial
lmtlls.  1 )ata and commands arc passed from h4(; to M{;. A unique aspect of the Gssini
SS1< design is the “1’I<W-patented, 3-pint archilcdurc. ‘1’hc failure of one Mcmmy
U)lltroller in the data path doc.s not prevent the rdricval or storage of data thrcmghcmt the
rcsl d the recorder. ‘J’hc SS1< has buil[-in the ability to bypass single point failures. ‘J’his
architc.  cture pmviclcs two levels of fdult tolc.rallcc  with a third prc)vidcd by rc.ctundant  llita
1 ~01 Inat(crs  and I’cdllndant  1/0 polls.

1 k+ h4{~ has (WO input pmls and one output port, hence  the term 3-por( architecture. ‘1’hc
two input por[s allow the h4C (or nmdulc)  to rcccive daIa an(l  commands from either of

two directions, “J’he OLItpLI(  por( fans out in two dircc(ions,  which allows a failed InodLIlc  (0
be completely bypassccl. 1 lvcn llllllti]>lc-l~~()(llllc  failures arc tolerable. A bLlilt-in  “ping”
test allows lllc ])ata 1 kmnat(cr to :isccr(ain  tllc Ilcalth of tllc  cn[irc (iata ch:iin mcl for an h4<:
to dctcrn)ine  the health of its ncighlmrs.
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K’igure  1.1-2. Mel hod of IIypassing  Failed AS I Cs/J)l{AMs  for Vault ‘J’olcrallc{t

‘1’t)is is H VCIy mbusl clfxign lfxhniquc.

I)artitions  atld Fwmc.v
~1’lm s(mng for(c of the Gssini  SS1< is the. built-in capability to divicic lhc bulk data
mclmry  inlo 16 randomly sired pmliiions.  [1 ;ach par(ilion,  in turn, is divisib]c  into
“framc,s,”  WIU21C  a fmmc represents an optimal block  of data.]  I hch  parlition  has its own
“scI” of ]){)irltcls  LISC.C]  to il)(tic:itc w]112K d:It[i is lining wri(tcll into (tllc Record pointer) ~Tld

mid frolll (tk l)l:lybxk poinlc<r).  Thm there arc  up to 16 pair of (Ma pointers. 1 kh

lmill(cr is il]dc.pcndcnt  from any other; llowcvcr,  only onc Record pointer and only onc
I’l:tybnck  pointer ]nay bc active al any one time. ‘1’hc activatiml of a poin[cr  is dmc by a
silll]>lc.  cx)lllmand,

It is possib]c. that any pmlitim have both the ~tctivc Record  <md l’layback  pointers; and it is
entirely possible that one partition hnvc t}m Ac(ivc Rcmrd pointer and anotlmr pm(ition
have the Active ]’layback pointm. ‘1’hus it is possil)lc to mad and write scpnratc  area of
IIICInOIy at ttlc  same time.

1 iacll pmlition is sub-divisible into “frames.” A fmrnc  is a dcfiI~cd group  of wcw(is  within
a p:uli(ion.  A par(ition may contain onc frame., m many frames. ‘1’llc idea of establishing
da[a frames Md (11c stmigc  and rctricvd of data in groups of frames opens wide (hc
possibili(ics  of expel 1 data managcmmt and (iata s:lfcty.
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1 la[a is writ[c.n into :ind Icad out of {k SSR serially. ~kmtro! of the active Ciata ckmncl is
dollc by 1 inabldl<cady  lltindsllaking. ‘1’hc SS1< expects da[a to bc transadcd  in groups  of
frames for cdl partition. SlloLI1d a control signal bc dcasscrtcd  on a non- fralnc t>oLllldary
tlla( is an in(iication tha( smnctlling  has gone wrong, either not cmugil  (iata was passed, or
PCI]M]X too lllllCil.  ]11 CithC1’ USC, ti)ti  SS1< SCtS a St:ttllS :liCJt  fhl~ that thC i21St (lal)S21CtioIl

was somehow COITllJ)tCCi.  111 Ol(icr to protcd just written (ia[a, which may :idllai]y  k goo(i,

tt)c  SS1< wiii  automatically Imvc. the Rccorci l’ointc.r ahca(i  to the next frame boumiary. II]
micr to ailmv a quick rc-rca(i of (iata, [IIC SS}< moves the affcctcd l) Jayback l)ointcr
backwar(is to (11C start of ttlc  clllTcIlt  fl”alllc.

‘]’hc SS]< opcl’atcs each JxlIlitioIl  ill(icJlcn(icllt]y  from any ottlcl”.  ]kch p:lI’[i[iOIl  may bc

oi)cratc(i in any onc of tilrcc (iistind  motics of operation, each imiivi(iuaiiy scttablc  an(i
itltcrcll:illg,czitlic  for all partitions of mmory.

Mode l,l<c:i(l-Write-to-l{l~(J. 'l`llis  lllo(ic ctllll]:ltc.s  zircc]-tC)-rcc]  (:iJlcrccc)r(icl`  itl
that mclnory is acccssc{i  iogicaily  from beginning to cn(i an(i when the cnd of the
JJ:ir(iti()ll t>l[)ck isrc:icl)cci,  (i:it:i:]cti\~ity  ccascs.

M(J([c2,  ~;ircLli:~rl l11ffcr. ]llti}is Illc~(ic,  ttlcrcls  ll()``t)cgillllil]  g:it)(i c1~(i''()f:l
parli(ion  in lnc]nory. ‘1’hc l:ist logicai  a(i(ircss  is scamicss]y looi~c(i  10 bc clcctricaliy
a(ijaccmt  to thC first, (])11S forming an :iJ)[)211’C/llt,  vir(u:ti continllolls  circ]c of I1KXI101Y.

“1’his nmic  is particularly usc.ful for storage. of information that is frcxplcntJy
overwritten an(i for whid Icli:il]cci s]ll:i(ico llttlc’’latcst (iat:i:i\’ai  l:it>lc. ”

Nflodc 3, l;itO. Jn (his nmdc, as in h40cic 2, tlmrc.  is no beginning nor cnd of
lncmory  a(i(ircsscs; it also forms a continuous circ]c.  1 ]owcvcr,  (his nmic is
uniq Llc ill that tile  individual read an[i wri[c pointers arc prohibitd  from ixlssing,
cad oti]cr in or(icr to imtc.c.t  Llnwrittcm or Lmrcad (iata.

Onc a(i(iitiona]  mo(ic,  not intcn(ic.(i to bc uscci cxccpt by sroL]n(i  intcrvcnlioll,  is rcfcuc(i to
as J )ircc[ McImry  A(icirc.ss (I)MA). in I)MA any area of mcmmy, (iowu to an exact
wol(i is immxiia[cly ac.ccssiblc ad :tl[crablc. ‘1’i]c. l>MA mo(ic  pcm]its in(cmsivc tcs(ing ()!’
a memory (icvicc to assis[ in trcn(t  analysis,

“LVlicc ’9 basal nw}t itccturc

11) tl)at the SS1< is “segmental” is very LlniCiLlc. h4c.mory call bc a(i(icd or subtractc(i  with
(IIC rcJativcly  simpJc installation or removal of “slices” of mc.mory;  a major a(tributc. of
using a serial-basc(i :ircilitccturc with ioc:il  memory control.

‘ilIc Cassirli  SS1< consists  of 4 mcchanica]  “slims.” ‘1’llc I’owcr Gmvcrtcr  Cmllnts as {)IIC.

siicc. ‘1’hc ncx( siicc inwar(i  - ti]c 1/() siicc - contains printc(i  wiring boar~is  LIimII which arc
nloulltc(i the two (iala fomlattcrs  an(i four Mcmoq  Gntrolicl’s, ‘J’lm remaining, two slices
alc tcr!ncci McIllory  Slice.s. ]hich contains six a(i(iltional  h4G ami 48 h4Words  of data
storage. Ail tl~c siiccs  arc intcrcoI)ncctc(i  via a set of custom wiring hamcsscs.
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CONCLUSION
CI’his papc.r ]m discussed the (hssini  So]id  Sta[c Rccmdcrs  ad []IC reason why a solid s(a[c
cicsign was clmscn  over mcchanid,  moving (a]x. ‘1’llis paper has shown  tlm virtues of a
so]i(i  s[a(c (icsign vcrsLls a moving  (:ipc machitm., \

WIIy the (icsign of Iilc Gssini SS1< is now o](i, ii offcrcci  for the first [imc, unique ciat:t
cmlhol  capabilities which arc now imi>lcmcntc(i  :(s stall(iar(i  in aimost ail ncw SS1< (ic.sigl)s
t o(i;l y.
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Representative CC) S-SSR cross-string interconnect
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